This issue of Anaesthesia and Intensive Care contains a case report of an unrecognised carotid arterial cannulation in a patient undergoing cardiac surgery, resulting in serious patient morbidity 1 . Ultrasound guidance (USG) had been used for the insertion of two guide-wires into the internal jugular vein. It is timely to consider the frequency of this complication in our practice as well as measures for its prevention and management.
Central venous cannulation is a common procedure performed in emergency as well as in elective settings by physicians in a number of specialties for a variety of purposes. About seven million central venous catheter (CVC) lines are placed annually in the USA alone. The most common insertion sites are the internal jugular, subclavian and femoral veins, usually employing a Seldinger guide-wire technique. Whichever vein is used, complications are possible and well recognised. Aubaniac 2 first described central venous access using a subclavian approach in 1952. Catheters were not introduced until the 1960s. In 1969, English et al 3 reported an anatomical landmark-based approach to catheterisation of the internal jugular vein (IJV) and how the catheter could be used for central venous monitoring as well as for drug and fluid administration. This blind external landmark approach remained the mainstay for both approaches for several decades.
In 1991, Denys et al 4 reported a series of 200 patients undergoing IJV puncture in a cardiac catheter laboratory. Two-dimensional ultrasound visualisation was used to determine the position of the IJV and the carotid artery, compared to their planned position using the landmark approach. In 5.5% of patients, the position of the IJV was outside the path predicted by landmarks and in 2.5% it was not visualised, but present on the contralateral side.
In 1993, the same authors 5 reported a prospective series of 604 patients, 302 in each group, comparing the landmark approach to an ultrasound-guided approach for IJV access. Ultrasound guidance improved success rates (100% versus 88%), decreased access times (10 versus 44 seconds) and reduced complication rates (carotid puncture 1.7% versus 8.3%, P <0.001), brachial plexus irritation 0.4% versus 1.7%, P <0.001) and haematoma formation 0.2% versus 3.3%, P <0.001).
In the USA in 2001, the Agency for Healthcare Research & Quality endorsed ultrasound-guided central venous cannulation as a safety practice 6 . In 2002, the UK National Institute of Clinical Excellence followed suit 7 , stating that "2-D imaging ultrasound guidance should be the preferred method when inserting a central venous catheter into the IJV in adults and children in elective situations" and "considered in most clinical situations where CVC insertion is necessary, whether the situation is elective or an emergency". The guideline went on to say that "everyone who uses 2-D imaging ultrasound guidance to insert central venous catheters should have appropriate training to ensure they are competent to use the technique".
Many agencies all over the world have made similar endorsements, including most Australian states and New Zealand. More recently, guidelines have included 'care bundles' with a series of management steps to reduce complications including CVC bloodstream infections. Gok et al 8 demonstrated a significant reduction in CVC bloodstream infections when USG was used (probably by reducing the number of attempts).
These guidelines are based on numerous studies that have consistently demonstrated that the use of USG for CVC insertion, by detecting anatomical variations (including small, absent or thrombosed vessels) and by assessing diameter and depth, leads to a significant reduction in the number of insertion attempts and failed procedures , as well as a reduction in complications such as pneumothorax and unintended arterial puncture. Time to successful cannulation is also decreased.
Since the initial guidelines issued by the Agency for Editorial Unrecognised carotid arterial cannulation: prevention and management Excellence guideline implementation rates in the UK and demonstrated a significant reduction in complication rates by anaesthesia consultants (4.2% to 2.6%) and registrars (12.3% to 1.1%) with an 86% uptake of USG. Matera et al 10 reported that only 37% of Australasian College of Emergency Medicine respondents routinely used USG for placement of CVCs.
The incidence of inadvertent carotid artery puncture during attempted CVC insertion without USG has been estimated as between 3.9% and 8.3% 11, 4 . Perforation of an artery with only a finder needle or small gauge cannula alone is not usually a serious issue. Once identified these can be removed and external pressure applied with no adverse sequelae. However, it is important to identify an arterial position, which is suggested by the colour and pulsatility of blood, but is confirmed only by measurement of the pressure or, ideally, display of the pressure waveform. Placement of a guide-wire without pressure transduction or disconnection of the syringe is hazardous. Arterial puncture can be also identified or excluded after insertion of the guide-wire using ultrasound imaging. Using both pressure transduction and USG would appear to be the safest option.
On the other hand, if the arterial puncture is not recognised and the guide-wire is inserted into the artery undetected, followed by the CVC, or worse, a dilator, over the guide-wire, significant trauma can occur. The risk is even more serious if a Swan-Ganz introducer sheath is being inserted, because it has an even larger diameter. Once this occurs there is a risk of major morbidity, including stroke, haematoma causing airway compromise, false aneurysm or arteriovenous fistula, dissection and possibly even death.
Shah 12 reviewed 11 patients with arterial placement of large-calibre cannula placed during IJV catheterisation and concluded that surgical treatment seemed to be the most effective or safe treatment. In 2008, Guilbert et al 13 published a retrospective series over a 26-year period of all cases of iatrogenic carotid or subclavian injury following central venous catheterisation with a catheter (>7-Fr), at three large institutions in Montreal. Of 30 identified patients with iatrogenic arterial cannulation, 17 were treated by immediate catheter removal and direct external pressure ('pull/ pressure'), eight (47%) had major complications requiring further intervention, and two died. The remaining 13 patients were submitted to immediate surgical exploration, catheter removal and arterial repair under direct vision or via the endovascular route, without any complications (47% versus 0%, P=0.004).
Guilbert's group proposed an algorithm for the management of catheter-related cervico-thoracic arterial injuries and advised:
"During central venous placement, prevention of arterial puncture and cannulation is essential to minimize serious sequelae. If arterial trauma with a large-caliber catheter occurs, prompt surgical or endovascular treatment seems to be the safest approach. The pull/pressure technique is associated with a significant risk of hematoma, airway obstruction, stroke, and false aneurysm. Endovascular treatment appears to be safe for the management of arterial injuries that are difficult to expose surgically, such as those below or behind the clavicle. After arterial repair, prompt neurological evaluation should be performed, even if it requires postponing elective intervention. Imaging is suggested to exclude arterial complications, especially if arterial trauma site was not examined and repaired". 13 Over time, information from the vascular surgical literature has made its way into anaesthesia literature and hospital guidelines. In March 2012, the American Society of Anesthesiologists (ASA) published a guideline 14 for central venous access, which contains the following sections:
Guidance and verification of needle, wire and catheter placement:
• Static ultrasound for pre-puncture vessel localisation. • Real-time ultrasound for vessel localisation and guiding the needle into the vein. • A variety of methods for verification of needle, wire or catheter location. • Including: ultrasound, manometry, pressure waveform analysis, venous blood gas, fluoroscopy, continuous electrocardiography, echocardiography, chest X-ray (notice that pulsatile flow and blood colour are not mentioned).
Management of arterial trauma or injury arising from central venous catheterisation
• When unintended cannulation of an arterial vessel with a dilator of an arterial vessel with a dilator or a large-bore catheter occurs, the dilator or catheter should be left in place and a general surgeon, a vascular surgeon or an interventional radiologist should be immediately consulted regarding surgical or nonsurgical removal for adults. • After the injury has been evaluated and a treatment plan has been executed, the anesthesiologist and surgeon should confer regarding relative risks and benefits of the elective surgery versus deferring surgery for a period of patient observation.
The New South Wales Health guideline 'Draft Central Line Insertion and Post Insertion Care Guidelines' (March 2010) 15 has similar advice:
Arterial puncture with large bore catheter or dilator • Complications are much more likely the bigger the catheter inserted into the artery. Unless you are able to repair the artery yourself do NOT remove the catheter or dilator. Consult the vascular surgical team for further management. • If the patient is going to be heparinised intraoperatively, consider leaving the catheter or dilator in until the heparin has been reversed. • Acute airway obstruction may occur after removal of a dilator or large bore catheter from the carotid artery. If the line was placed prior to the induction of an anaesthetic, the airway should be secured before the dilator or catheter is removed.
Ultrasound-guided insertion has consistently been demonstrated to reduce the risk of a range of CVC complications. However, apart from the ASA guideline quoted above, most guidelines do not state how to use the technology for maximum benefit. Use may range from static, to merely identifying the location and depth of the vessel, to dynamic real-time, locating the vessels, the needle and then the wire in the vessel, prior to inserting a dilator and the catheter.
With respect to arterial cannulation, for maximum safety, the wire should be confirmed to be in the correct vessel prior to passing the dilator. More importantly, the presence of the wire in an incorrect position should be excluded. Once a CVC has been passed, the catheter position needs to be checked again immediately-this can be done in a variety of ways as outlined in the ASA document 14 .
Training needs to focus on developing the above skills to confidently interpret ultrasound images for each of the above stages of the procedure.
If the dilator or catheter are found to be intraarterial, the message is clear: this is an emergency and requires immediate evaluation and management. It should not be removed ('pull/pressure' is associated with an unacceptably high incidence of serious morbidity or mortality) until repair is performedthis may be by open surgical repair or endovascular repair, in as timely a manner as possible.
The case report by Ho et al emphasises many of these points, including the risk of serious injury, and presents a procedural analysis outlining measures and considerations that may prevent inadvertent and, more importantly, unrecognised carotid arterial cannulation. The authors also suggest an algorithm for management if inadvertent arterial cannulation has occurred. Each institution should develop or make use of current available guidelines for the prevention and management of inadvertent carotid artery cannulation, ensuring that each practitioner involved in CVC insertion is aware of the guidelines and has adequate training or supervision in the realtime ultrasound-guided technique.
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